Cloned cDNA molecules from three serotypes of FMDV have been sequenced around the VPl-coding region. The predicted amino acid sequences for VPl were compared with the published sequences and variable regions identified. The amino acid sequences were also analysed for hydrophilic regions. Two of the variable regions, numbered 129-160 and 193-204 overlapped hydrophilic regions, and were therefore identified as potentially immunogenic. These regions overlap regions shown by others to be immunogenic.
INTRODUCTION
Foot and mouth disease virus (FMDV) is a picornavirus causing a disease of domestic livestock which is of considerable economic importance (1) . A complicating factor in control of the virus by vaccination is the existence of seven non-crossprotective serotypes:three European, A, O and C, three South African, SAT 1, SAT 2 and SAT 3, and one Asian, Asia 1. In addition each serotype is composed of a number of serologically related subtypes which are only partially cross-protective (2) . With the development of recombinant DNA technology and rapid DNA sequencing, it is now possible to study in detail the extent of variation between the subtypes and serotypes. This is of particular relevance when applied to one of the major capsid polypeptides, VPl. This protein has been shown to be the major immunogen of the virus (3, 4) and as such variation in its structure is likely to be responsible, at least in part, for the existence of the serotypes and subtypes. The A-^ll^ (6) and of O,K (7). In some cases, Southern blotting of appropriate restriction fragments (14) was necessary to resolve ambiguities.
(c) Sequencing
All DNA sequencing was done by the method of Maxam and Gilbert (15) as described in Boothroyd et al (5) .
(d) Analysis of Sequence Data
An Apple II microcomputer was used to search DNA sequences for restriction sites and to predict the corresponding protein sequences, using a programme written by Larson and Messing (16) . It was also used to make hydrophilicity plots using the programme in Kyte and Doolittle (17) . These programmes were modified by H.D. Spence, who also wrote the programme which was used for the variability plot. A PDP 11 minicomputer was used to determine dinucleotide frequencies and codon usage, using programmes written by Staden (18, 19) .
RESULTS AND DISCUSSION
VPl-Codinq Sequences of the Three Serotypes (i) Ao^. None of the colonies transformed with plasmids containing either randomprimed or oligo dT-primed cDNA appeared to contain the entire VPl-coding region of A 2^. One plasmid, pFA 2 .tl7, from the oligo dT-primed clone bank, appeared to extend into the VP1 coding region from the 3' end but not quite as far as the 5' end. The VP1 region of this plasmid was sequenced using the strategy indicated in Fig.  l(a) . The DNA sequence and predicted amino acid sequence are given in Fig. 2(a) . Eleven codons at the 5' end of the VPl-coding region are presumed missing in this plasmid.
(ii) C,. The plasmid pFC,r3, derived from the random-primed cDNA from C, Kb) ]. The VPl-coding region of this plasmid was sequenced using the strategy shown. The DNA sequence and predicted amino acid sequence are given in Fig. 2(b) .
The first base shown, cytosine, was actually read as a thymine in the fragment labelled at the EcoRI site of pFC,r301 and is the fourth base of the EcoRI recognition sequence GAATTC. In the parental plasmid pFC,r3, there was an Sst I site at this position reflecting the original sequence in the FMDV genome and therefore the corresponding hexarner would be the Sst I recognition sequence GAGCTC.
(iii) O^. The plasmid pFO.^251 was reported previously (10) and has an insert of 4.8
Kb, one end of which is very near to the 3' end of the FMDV genome. Restriction mapping suggested that the other end extends some way into the VPl-coding region. (c) The underlined sequence was derived from both plasmids pFO.t351 and pFO,r2. tThe C was derived from pFO.r2 and was replaced by a T in pFO, t351, which would predict a methionine residue (see text).
to any known O,BFS sequence, and since it is at the 3' end of the FMDV insert was presumed to be calf thymus DIMA resulting from the priming of reverse transcriptase in the original cDNA preparation.]
The relevant region of pFO.r2 was sequenced according to the strategy shown in Fig. l(d) . The FMDV insert does not extend as far as the 3' end of the VP1 coding region, and therefore the O. sequences from both pFO,r2 and pFG.351 have been combined to give the complete VP1 coding sequence presented in Fig. 2(c) . The region from bases 426 to 618 is common to both plasmids and is underlined. There is a discrepancy between the two plasmids. Position 503 is cytosine in pFO,r2 and thymine in pFO,t351. Since the O,K sequence has a cytosine at this position and replacement by a thymine leads to a threonine being replaced by a methionine in the amino acid sequence it was thought more likely that the original base in the virus was a cytosine. [This discrepancy could have arisen at a number of places: in the FMDV RNA which was obtained from an uncloned preparation, in the cDNA during reverse transcription or in the plasmid during replication of the bacterium.
We are unable to comment on which possibility is the most likely.]
Codon usage and dinucleotide frequencies 
Comparison of nucleotide sequences
The nucleotide sequences from Fig. 2 were compared with the three published sequences for A,g (5), A,~ (6) and O,K (7). The variation was very similar to that found when comparing the predicted amino acid sequences (see below). Since the variation in the amino acid sequences is more likely to be biologically significant our analysis has been confined to this variation.
Comparison of amino acid sequences
The three predicted amino acid sequences from Fig. 2 were compared with the three published sequences. They were aligned to give maximum homology which necessitated the introduction of gaps (indicated by dashes) but these were kept to a minimum (Fig. 3) . They are arranged to enable comparisons to be made between with (a-c) hydrophilicity of peptides tested for nogenfcity (8) (9) (10) . 
Hydrophilicity of VP1
It has been demonstrated that antigenic determinants are found on the surface of proteins (21, 22) . There are methods available for predicting surface regions of proteins from the primary sequence, based on the solvent partition of each amino acid or calculations from crystallographic data or both (17, 23, 24) . The hydrophilicity values of Hopp and Woods (23) were applied to the VP1 sequences of A,g, C, and O.BFS. These values were preferred since they have been successfully applied in predicting the majority of antigenic determinants of twelve proteins (23) and do not suffer from the disadvantage of subjective adjustments which were made by Kyte and Doolittle (17) . Fig. 4 (a-c) shows the results for the three sequences using overlapping groups of 5 amino acids (dotted lines) plotted on the same axes as a plot of variability between AiQ, C-j and O,BFS (solid lines). In order to obtain a meaningful alignment between the variability plot and each hydrophilicity plot, gaps were introduced in the hydrophilicity plots coresponding to the gaps in the sequences in Fig. 3 .
There are several major hydrophilic regions common to all 3 serotypes, and some which are only hydrophilic for 1 or 2 serotypes. Since gross morphological differences between the serotypes are unlikely, only those hydrophilic regions which are common to all 3 serotypes have been considered. Consequently the number of potentially surface regions is a minimum estimate. However, some of these regions might be located on the inner surface of the virus capsid. Hydrophilic plots were also made for the same three sequences but using the values of Kyte and Doolittle (17) . Although there were differences in detail from the above analysis, the conclusions about the major hydrophilic regions were the same (data not shown).
Immunoqenic Regions
We at all in A^p. 't a ' so overlaps the hydrophilic peak 4 which is not in a variable region [ Fig. 4 ]. The failure of both peptides R and S to raise neutralizing antibodies is consistent with our conclusions.
